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Description

�[Technical Field]

�[0001] The present invention relates to a fixed abrasive wire and, more particularly, to a fixed abrasive wire having
abrasives fixed thereon for use in cutting, slicing, internal grinding, dicing and ingot-�cutting of such rigid materials as
silicon, quartz, ceramics and the like.

�[Background Art]

�[0002] A wire saw using a fixed abrasive wire is one example of an apparatus which is configured to run lines of fine
wire imparted with tension, press an object to be cut (for example, silicon ingot) against the lines of wire while spraying
a slurry of abrasive material containing abrasives to the lines of wire, and cut the object into wafers by utilizing the
grinding properties of loose abrasives. Since this apparatus is capable of obtaining plural wafers at a time, the process
making use of the apparatus is called a multicutting method. FIG.�14 is an example of a schematic illustration of the
construction of a wire saw apparatus for use in machining single-�crystalline silicon.
�[0003] Referring briefly to FIG.�14, wire 42 fed from a feed bobbin 41 passes through many guide rollers 43 arranged
to guide the wire and then forms lines of wire with predetermined intervals at plural groove rollers 44 each having many
grooves. A feed unit 45 presses an object 46 to be cut against the lines of wire, while a slurry of loose abrasives is
sprayed on the lines of wire from nozzle 47, whereby the object 46 is cut into wafers. Thereafter, the lines of wire are
passed through many guide rollers 48 and then taken up by a take-�up bobbin 49. The wire 42 is driven by the driving
power of a drive motor 50 associated with the groove rollers 44. During running of the wire 42, data about movements
of dancer rollers 51 and 52 is fed back to rotation of each of the feed bobbin 41 and take- �up bobbin 49 to maintain the
tension of the wire 42 constant. Usually, the wire 42 advances with bidirectional or unidirectional run to meet requests
for effective utilization of the wire 42 as a material and improvements in the quality of the resulting products such as
improvement in cut surface roughness and is finally taken up by the take-�up bobbin 49.
�[0004] Generally, a dispersion of abrasives of silicon carbide in a lubricant is often used as the above slurry of loose
abrasives. Such a lubricant is usually a mineral oil. However, such a mineral oil lubricant requires an organic solvent for
cleaining, which raises an environmental problem and, for this reason, a change for a water- �soluble lubricant based on
a glycol-�type solvent is now under way. Such a wire saw using loose abrasives is characterized in that: (1) since the
wire saw is of the type configured to cut the whole of an object to be cut at a stroke, the wire saw is capable of handling
large amounts of objects even though its cutting speed is not high; (2) since the cutting tool is wire, an object to be cut
having a large bore diameter can be cut relatively easily; and (3) since cutting is achieved relying upon the grinding
properties of loose abrasives while using a fine wire as the cutting tool, the object can be cut into thin wafers. On the
other side, the wire saw has such drawbacks that: the use of a slurry of loose abrasives causes the abrasives to scatter
on the workbench, thereby contaminating the working environment due to dryness of the abrasives; and disposal of
waste and cleaning of wafers are required.
�[0005] As means for eliminating these drawbacks, a fixed abrasive wire has been proposed which is made by attaching
diamond abrasives or the like to a wire by means of a thermosetting or photosetting resin binder and then allowing the
resin to thermoset or photoset thereby to fix the abrasives to the wire. However, because the fixing or bonding strength
obtained by the method of attaching abrasives to the wire by such a resin is not sufficient, there is fear that the abrasives
fall off due to friction caused by cutting during the process of cutting the object into wafers by intense reciprocation of
the wire.
�[0006] In attempt to solve the above problems associated with the wire saw using loose abrasives and the wire saw
obtained by attachment of abrasives to the wire by means of resin, patent documents 1 to 3 have proposed abrasive
electrodeposited wire saws of the type in which abrasives are fixed on a wire by an electrolytic process.
�[0007] Patent document 1 discloses a diamond electrodeposited wire or ribbon having a first electrodeposited layer
63 comprising coarse diamond abrasives 62 electrodeposited on a wire or ribbon 61, and a second electrodeposited
layer 65 comprising electrodeposited diamond abrasives 64 which are considerably finer than the abrasives 62, in which
the second electrodeposited layer 65 is put on the first electrodeposited layer 63, as shown in FIG. 15.
�[0008] Patent document 2 discloses an abrasive coated wire having an electroplated layer 73 for allowing abrasives
72 to be implanted to the surface of a wire 71, and an electroless-�plated layer 74 formed on the outer side of the
electroplated layer 73 for reinforcing the implanted condition of the abrasives 72, as shown in FIG. 16.
�[0009] Patent document 3 discloses a wire saw comprising a coating of a soft plated layer 82 on the surface of a wire
81, and a coating of a hard plated layer 83 on the soft plated layer 82, the two plated layers fixing superabrasives 84 on
the wire 81, wherein an inner end 85 of the superabrasives 84 is within the soft plated layer 82 while an outer end 86.
of the superabrasives 84 is exposed from the hard plated layer 83 and situated on the same cylindrical surface, as shown
in FIG. 17.
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Patent document 1: Japanese Patent Provisional Publication No. SHO 63-22275
Patent document 2: Japanese Patent Provisional Publication No. HEI 9-1455
patent document 3: Japanese Patent Provisional Publication No. HEI 9-150314

�[Disclosure of Invention]

�[Problems to be solved by Invention]

�[0010] The inventor of the present invention has found out that, though the fixing strength of abrasives to the plated
layer in each of the abrasive electrodeposited wires shown in FIGs. 15 to 17 is superior to the fixing strength of attachment
of abrasives to the wire by resin, the wire with abrasives each having a top exposed from the plated layer as shown in
each of FIGs. 15 to 17 has no abrasive fixing strength such as can sufficiently stand practical use and the abrasives
have fallen off in a relatively short time because of a very large frictional force resulting from cutting during the process
of cutting the object into wafers by intense reciprocation of the wire in the wire saw.
�[0011] The inventor of the present invention produced an abrasive electrodeposited wire in which Ni-�coated diamond
abrasives obtained by coating abrasives (diamond) with the same metal component (nickel) as that of a plated layer
were fixed to a wire by an electrolytic process. The resulting abrasive electrodeposited wire has an appearance as shown
in FIG. 18. In FIG. 18, a diamond abrasive is present within a projecting portion 91. In this abrasive electrodeposited
wire, however, a portion extending from a substantially flat portion to the projecting portion 91 is depressed inwardly to
form a recess portion, as shown in FiGs. 6�(b) and 6 �(c) below. In this case, the inventor of the present invention has also
found out that the fixing strength of abrasives to the plated layer is insufficient to stand practical use and the abrasives
have fallen off in a relatively short time because of stress concentration at this recess portion.
�[0012] The present invention has been made in view of such problems with the conventional art. Accordingly, it is an
object of the present invention to provide a fixed abrasive wire having abrasives fixed thereon with a high fixing strength.

�[Means for solving Problems]

�[0013] JP2000-246654 discloses a conductive wire saw in which metal coated abrasives are adhered to a core wire
by a bonding resin.�
JP03-079264 discloses a method for producing a fixed abrasive wire,� wherein the wire has a surface coated with a
metal- �plated layer containing plural abrasives embedded therein, the surface of the metal-�plated layer having curved-
surface projecting portions each incorporating abrasives shaped to project from a substantially flat portion, and a portion
extending from the substantially flat portion to each of the curved-�surface projecting portions has no inwardly depressed
recess portion and a slope of tangent to the portion extending from the substantially flat portion to each of the curved-
surface projecting portions varies continuously. The present invention is characterised in that the method comprises a
step of electroplating the wire using a plating solution containing a levelling agent together with the abrasives.
�[0014] The present invention also provides a fixed abrasive wire having abrasives fixed thereon, wherein the wire has
a surface coated with a metal-�plated layer, containing plural abrasives embedded therein, the surface of the metal-�plated
layer having curved- �surface projecting portions each incorporating abrasives shaped to project from a substantially flat
portion, and a portion extending from the substantially flat portion to each of the curved-�surface projecting portions has
no inwardly depressed recess portion and a slope of tangent to the portion extending from the substantially flat portion
to each of the curved-�surface projecting portions varies continuously, characterised in that the fixed abrasive wire has
been produced by electroplating comprising a step of electroplating the wire using a plating solution containing a levelling
agent together with the abrasives.
�[0015] The fixed abrasive wire according to the present invention may have a feature that a plated coat being over
the top of each of the abrasives has a smaller thickness than a theoretical value.
�[0016] Preferably, the abrasives are previously coated with the same metal as part or whole of the metal-�plated layer.

�[Effects of the Invention]

�[0017]  In accordance with the constitution according to claim 1 or 2, stress concentration is less likely at the portion
extending from the substantially flat portion to each of the curved-�surface projecting portions and, hence, the abrasives
are hard to fall off even when the wire is subjected to a large frictional force resulting from cutting during the process of
cutting an object to be cut. It becomes more preferable as the number of such projecting portions increases. Preferably,
at least 80% of all the projecting portions have the above- �described feature. �
In accordance with the constitution according to claim 3, a plated coat covering the foot portion of each projecting portion
which contributes effectively to the fixing of the abrasives to the plated coat has a relatively large thickness and, hence,
the abrasive fixing strength by the plated coat becomes high.
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�[Brief Description of Drawings]

�[0018]

[FIG. 1] FIG. 1 is a view illustrating the action of smoothing a plated coat surface by a leveling agent.
[FIG. 2] FIG. 2 is a view illustrating how a plated coat grows in general electroplating.
[FIG. 3] FIG. 3 is a view illustrating how a plated coat grows in an electroplating bath containing a leveling agent in
the case where abrasives are previously coated with the same metal as a metal to be electroplated.
[FIG. 4] FIG. 4 is a view illustrating how a plated coat grows in an electroplating bath containing a leveling agent in
the case where abrasives are not previously coated with the same metal as a metal to be electroplated.
[FIG. 5] FIG. 5 is a view schematically showing the construction of plating equipment suitable for producing a fixed
abrasive wire according to the present invention.
[FIG. 6] FIG. 6�(a) is an enlarged photograph (2000 magnifications) showing a portion of a surface of the fixed
abrasive wire of the present invention; FIG. 6 �(b) is an enlarged view schematically showing a portion of a surface
of another fixed abrasive wire; and FIG. 6 �(c) is an enlarged view schematically showing a portion of a surface of
yet another fixed abrasive wire.
[FIG. 7] FIG. 7 �(a) is a view schematically showing part of a longitudinal surface portion of the fixed abrasive wire of
the present invention; and FIG. 7 �(b) is a sectional view taken on line indicated by arrow X-�X in FIG. 7 �(a).
[FIG. 8] FIG. 8 is a photograph (200 magnifications) showing a surface of the fixed abrasive wire of the present
invention before a slicing operation.
[FIG. 9] FIG. 9 is a photograph (250 magnifications) showing a surface of the fixed abrasive wire of the present
invention after a slicing operation.
[FIG. 10] FIG. 10 is a view illustrating a scratch test method for the fixed abrasive wire of the present invention.
[FIG. 11] FIG. 11 is a view illustrating a scratch test method for a conventional abrasive electrodeposited wire.
[FIG. 12] FIG. 12 is a photograph (370 magnifications) showing a surface of the fixed abrasive wire of the present
invention after the scratch test.
[FIG. 13] FIG. 13 is a photograph (350 magnifications) showing a surface of the conventional abrasive electrode-
posited wire after the scratch test.
[FIG. 14] FIG. 14 is a view schematically showing the construction of a general wire saw apparatus.
[FIG. 15] FIG. 15 is a sectional view showing the conventional abrasive electrodeposited wire.
[FIG. 16] FIG. 16 is a sectional view showing another conventional abrasive electrodeposited wire.
[FIG. 17] FIG. 17 is a sectional view showing yet another conventional abrasive electrodeposited wire.
[FIG. 18] FIG. 18 is an enlarged photograph (2700 magnifications) showing a surface of a conventional abrasive
electrodeposited wire.

�[Description of Reference Characters]

�[0019]

1 anode
2 object metal
3 high current section
4 additive
5 low current section
6 plated coat
7 sooth level
10 anode
11 abrasive
12 high current section
13 plated coat
14 low current section
15 top portion
16 foot portion
17 abrasive
21 feed device
22 steel wire
23 alkaline cleaning tank
24 acid cleaning tank
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25 rinse tank
26 pretreatment tank
27 plating tank
28 rinse tank
29 take-�up device
30 curved-�surface projecting portion
31 substantially flat portion
32 curved-�surface projecting portion
34a recess portion
34b recess portion
35 wire
36 abrasive
37 nickel-�plated layer
38 curved-�surface projecting portion
39 substantially flat portion
41 feed bobbin
42 wire
43 guide roller
44 groove roller
45 feed unit
46 object to be cut
47 nozzle
48 guide roller
49 take-�up bobbin
50 drive motor
51 dancer roller
52 dance roller

�[Best Mode for Carrying Out the Invention]

�[0020] The fixed abrasive wire of the present invention can employ any wire without particular limitation as long as
the wire can be electroplated and has sufficient strength and elasticity modulus to stand the tension working between
guide rollers or groove rollers. Examples of such wires include steel wires such as a piano wire, and metal wires such
as a tungsten wire and a molybdenum wire.
�[0021] The diameter off the wire for use in the present invention can be appropriately selected to meet the shape and
characteristics of the object to be cut. Usually, a diameter of from about 0.01 to about 0.5 mm is often selected. However,
the advantage of the present invention remains the same whether a thin wire having a diameter of not more than 0.1
mm or a relatively thick wire having a diameter of more than 0.1 mm is used.
�[0022] Preferably, the surface of the wire is subjected to degreasing and cleaning prior to electroplating. Degreasing
can be achieved by any method without particular limitation. Examples of such methods include acid dipping, solvent
degreasing, emulsion degreasing, and alkaline cleaning. Electrolytic degreasing may be additionally performed to finish
degreasing when required.
�[0023] The wire subjected to alkaline cleaning is preferably neutralized by being passed through an acid cleaning
tank. The acid for use in the acid cleaning tank may be of any type without particular limitation, but is preferably sulfuric
acid, hydrochloric acid or nitric acid, for example.
�[0024] The wire passed through the acid cleaning tank is preferably rinsed with water by being passed through a rinse
tank.
�[0025] Preferably, the wire is subjected to a pretreatment prior to electroplating. The pretreatment, which is a treatment
for improving the adhesion of the plated layer, may comprise strike plating, for example, but is not limited thereto.
�[0026] There is no particular limitation on the method of electroplating the surface of the wire subsequently to the
pretreatment. For example, a plated layer can be formed over the wire surface by electroplating in which the cathode is
connected to the wire and the anode is connected to the plating liquid. In producing the fixed abrasive wire of the present
invention, it is possible to use, for example, a plating liquid including a nickel-�containing organic acid or a nickel- �containing
inorganic acid, and abrasives. Such a nickel-�containing organic acid may be a nickel sulfamate plating liquid, but is not
particularly limited thereto.
�[0027] Preferably, the abrasives are previously coated with the same metal as part or whole of the plated layer. This
is because the affinity or intimacy between the abrasives and the plated layer becomes better and, hence, the fixing
strength of the abrasives can be expected to be enhanced. There is no particular limitation on the abrasives to be used,
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but diamond abrasives having a diameter of not more than 100 Pm can be used
�[0028] Preferably, the plating liquid further contains a leveling agent. As described below, the addition of the leveling
agent can be expected to enhance the strength of fixing the abrasives to the plated layer, allow the abrasives to exert
a predetermined cutting ability immediately after start of the cutting operation, and bring about the effect of making it
difficult for swarf produced by cutting to remain on the wire surface.

(Smoothing of a plated coat by a leveling agent)

�[0029] The leveling agent is added to facilitate the smoothing of a plated coat and impart a gloss to the plated coat.
The surface of the plated coat can be smoothed by a mechanism as described below.
�[0030] As shown in FIG. 1 schematically illustrating an electroplating method in which reference numeral 1 designates
an anode and reference numeral 2 designates an object metal (cathode) to be plated, when the plating liquid contains
the leveling agent, an additive 4 such as the leveling agent is preferentially absorbed to a high current section 3 of the
surface of the object metal 2 which is close to the anode 1. As a result, the surface of the object metal 2 to which the
additive 4 is absorbed acts as a resistance and, accordingly, the potential of the high current section 3 of the surface of
the object metal 2 and that of a low current section 5 inwardly depressed from the surface and being relatively remotely
from the anode 1 are reversed each other, so that the growth rate of plated coat 6 in the low current section 5 becomes
higher than that in the high current section 3. Thus, the plated coat 6 grows according to this mechanism until the plated
coat 6 forms a smooth level 7 finally.

(Improvement in the fixing strength of abrasives to plated coat, earlier exertion of cutting ability of abrasives and prevention 
of residual swarf by the leveling agent)

�[0031] By adding the leveling agent to the plating liquid, it is possible to make abrasives excellent in fixing strength to
a plated coat and hard to fall off according to the following mechanism utilizing the action of the leveling agent ingeniously.
�[0032] As shown in FIG. 2, in fixing abrasive 11 previously coated with the same metal as the metal to be plated to
the object metal 2 by electrolysis in a typical electroplating process, the growth rate of plated coat 13 in a high current
section 12 on the surface of the object metal 2 which is close to an anode 10 is higher than that in a low current section
14 being relatively remotely from the anode 10. However, since the plating liquid contains the leveling agent at the
electroplating process, the growth rate of plated coat In the low current section 14 becomes higher than that in the high
current section 12, as described above with reference to FIG. 1 That is, the growth of plated coat on the top portion 15
of the abrasive 11 which is closer to the anode 10 becomes suppressed while the growth of plated coat 13 on the foot
portion 16 which effectively contributes to fixing of the abrasive 11 to the plated coat 13 becomes accelerated as shown
in FIG. 3, thus enhancing the strength of fixing the abrasive 11 by the plated coat 13.
�[0033] It is the abrasive 11 that performs the cutting operation actually, and the plated coat 13 acts to fix the abrasive
11 so as to prevent the abrasive 11 from falling off during the cutting operation. When the amount of plated coat 13 in
the portion which is over the abrasive 11 does not effectively contribute to the cutting operation and is smaller than that
in the foot portion 16 as shown in FIG. 3, the plated coat 13 being over the abrasive 11 is removed to expose the top
portion of the abrasive 11 relatively early after the start of cutting and, hence, the abrasive 11 exerts the cutting ability
inherent thereto quickly after the start of cutting operation.
�[0034] Further, the plated coat 13 is shaped to have no recess portion by increasing the thickness of plated coat 13
covering the foot portion 16 being close to the object metal 2 as shown in FIG. 3. Such a shape can be expected to bring
about the additional effect of making swarf produced during cutting hard to remain on the surface of the object metal 2
as compared with the shape shown in FIG. 2.
�[0035] The effect of suppressing the growth of plated coat on the top portion 15 of abrasive 11 while accelerating the
growth of plated coat on the foot portion 16 can also be expected to result based on the same principle as described
above even in the case where abrasive 17 not previously coated with the same metal as the metal to be plated is fixed
to the object metal 2 by an electrolytic process. Thus, the thickness of plated coat 13 on the top portion 15 of abrasive
17 is made small whereas the thickness of plated coat 13 on the foot portion 16 made large, as shown in FIG 4.
�[0036] The leveling agent acts to facilitate smoothing of a plated coat and impart a gloss to gloss to the plated coat.
The leveling agent added to the plating liquid as described above is deposited on the surface of the object metal 2
together with metal ion. For this reason, a substance that acts to lower the cathode potential serves as the leveling agent
under suitable conditions. Since leveling agents of different types have different functions, use of leveling agents of
different types in combination makes it possible to obtain a uniform leveling effect even on an article of a complicated
shape. Leveling agents include substances generally called type 1 brightener and substances generally called type 2
brighteners. The type 1 brighteners have such a characteristic as to provide a gloss similar to the gloss of a basis material
easily. On the other hand, the type 2 brighteners are excellent in gloss improving effect. When used alone, the type 2
brighteners make a plated coat brittle and cause an adhesion failure of the plated coat to occur. For this reason, it is
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preferable to use a combination of a type 1 brightener and a type 2 brightener.
�[0037] The type 1 brighteners are organic compounds having the structure: = C - SO2 -. Examples of such organic
compounds include 1,5-�naphthalene-�sodium disulfonate, 1,3,6-�naphthalene-�sodium trisulfonate, and saccharin.
�[0038] Organic compounds which can be used as the type 2 brighteners each have a respective one of the structures:
C = O (various aldehydes), C = C (gelatin), C ≡ C (2- �butin-�1,4-�diol), C= N (quinaldine, pyridium compound), C ≡ N
(ethylenecyanohydrin), N - C = S (thiourea), N = N (azo dye), and the like.
�[0039] For the above- �described effects of the present invention to be exercised, the plating liquid preferably contains
a type 1 brightener in an amount of 1 to 50 milliliter/�liter and a type 2 brightener in an amount of 1 to 150 milliliter/ �liter
wherein the weight ratio between the type 1 brightener and the type 2 brightener is 1 (the former) against 2 to 5 (the latter).
�[0040] The wire thus electroplated is preferably rinsed with water by being passed through a rinse tank.
�[0041] After having been subjected to electroplating, the wire is preferably subjected to dressing (grinding) so as to
have a suitable surface configuration for a wire saw.

�[Example]

�[0042] Hereinafter, examples of the present invention will be described. However, the present invention is not limited
to the examples below, but may be appropriately changed and modified without departing from the technical scope of
the present invention.

(1) Production of a fixed abrasive wire by electroplating

�[0043] A fixed abrasive wire was produced using plating equipment having a constitution schematically shown in FIG.
5. Specifically, a feed device 21 fed a steel wire 22 having a diameter of 160 Pm. The steel wire 22 was subjected to
alkaline cleaning at an alkaline cleaning tank (containing an alkaline degreaser of pH 11) 23, acid cleaning at an acid
cleaning tank (containing sulfuric acid of pH 1) 24, rinsing with water at a rinse tank 25, and then pretreatment at a
pretreatment tank (having a bath composition of pH 4.2 comprising nickel sulfamate 4-�hydrate in an amount of 600 g/
liter) 26. The steel wire 22 thus was nickel-�plated to a thickness of 7 Pm at a plating tank 27. The plating bath in the
plating tank 27 had a composition comprising nickel sulfamate 4- �hydrate in an amount of 600 g/�liter, nickel chloride 6-
hydrate in an amount of 55 g/�liter, boric acid in an amount of 30 g/ �liter as a pH buffer, a type 1 brightener (saccharin) in
an amount of 15 milliliter/�liter, a type 2 brightener (2-�butin- �1,4-�diol) in an amount of 50 milliliter/ �liter, and diamond abrasives
previously coated with nickel (to a nickel coat thickness of 0.1 to 1.0 Pm) and having a particle diameter of 15 to 25 Pm
in an amount of 10 g/ �liter. Plating was conducted under the plating conditions: pH = 3.0, temperature = 55°C, and current
density = 45 A/dm2. At that time, the current efficiency was 90%.
�[0044] Thereafter, the steel wire 22 thus provided with nickel- �plated coat was rinsed with water at a rinse tank 28 and
then a take- �up unit 29 took up the steel wire 22 having the diamond abrasives fixed in the nickel-�plated coat.

(2) Surface of the fixed abrasive wire.

�[0045] FIG. 6 �(a) is an enlarged photograph (2200 magnifications) showing a portion of the surface of the fixed abrasive
wire of the present invention thus obtained. The surface consists of curved- �surface projecting portions 30 each incor-
porating abrasives therein, and a substantially flat portion, each of the curved-�surface projecting portions 30 being shaped
to project from the substantially flat portion. The portion indicated by a large circle which extends from the substantially
flat portion to curved-�surface projecting portion 30 has no inwardly depressed recess portion, and a tangent to the portion
extending from the substantially flat portion to curved-�surface projecting portion 30 varies continuously.
�[0046] In contrast, as shown in FIG. 6 �(b), the surface of another fixed abrasive wire has an inwardly depressed recess
portion 34a in a portion extending from a substantially flat portion 31 to a curved-�surface projecting portion 32 and,
similarly, as shown in FIG. 6 �(c), the surface of yet another fixed abrasive wire has an inwardly depressed recess portion
34b in a portion extending from a substantially flat portion 31 to a curved- �surface projecting portion 33. Stress concen-
tration is likely on these recess portions 34a and 34b.
�[0047] On the other hand, stress concentration is less likely on the surface of the wire of the present invention because
the surface has no inwardly depressed recess portion corresponding to the recess portions 34a or 34b in the portion
extending from the substantially flat portion to curved- �surface projecting portion 30 and because the line tangent to the
portion extending from the substantially flat portion to curved- �surface projecting portion 30 varies continuously.
�[0048] FIG. 7�(a) is a view schematically showing part of a longitudinally surface portion of the fixed abrasive wire of
the present invention produced by the above process as observed by a scanning electron microscope having a measuring
device. As shown in FIG. 7�(a), the surface of the wire 35 is coated with a nickel- �plated layer 37 incorporating abrasive
36 therein and a curved-�surface projecting portion 38 incorporating the abrasive 36 therein is shaped to project from a
substantially flat portion 39. The curved-�surface projecting portion 38 has a height of H to the surface of the substantially
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flat portion 39 and a horizontal sectional area A of the curved-�surface projecting portion 38 gradually increases as the
curved-�surface projecting portion 38 extends from a height level of (1/3)�H to the surface of the substantially flat portion
39. Thus, the plated coat in the foot portion which effectively contributes to fixing of the abrasive 36 to the nickel-�plated
layer 37 has a large thickness and, hence, the abrasive 36 is firmly fixed to the nickel- �plated layer (plated coat) 37. FIG.
7 �(b) is a sectional view taken on line indicated by arrow X-�X of FIG. 7 �(a). Besides the scanning electron microscope
having a measuring device, a laser microscope may be used to measure the thickness of plated coat.

(3) Thickness of plated coat

�[0049] Plural steel wires were electroplated under such plating conditions as to form plated coat 13 whose thickness
"t" over abrasive 11 as shown in FIG. �2 is theoretically 8 Pm, with the bath conditions of each of the tanks from the alkaline
cleaning tank 23 to the rinse tank 28 being the same as described above (containing the leveling agents) or the bath
conditions of each of the tanks from the alkaline cleaning tank 23 to the rinse tank 28 being the same as described above
except the planting bath in the plating tank 27 containing neither a type 1 brightener (leveling agent) nor a type 2 brightener
(leveling agent). As a result, the wires electroplated with use of the leveling agents had actual plated coat thicknesses
"t" as shown in Table 1 below, and the wires electroplated without use of the leveling agents had actual plated coat
thicknesses "t" as shown in Table 2 below.
�[0050] The thickness "t" of plated coat was measured by a method including: applying a release agent to the internal
surface of a non-�illustrated cylindrical body; filling the cylindrical body with a thermosetting resin; inserting each wire
having plated coat obtained by the above process into the thermosetting resin; heating the thermosetting resin to a
predetermined temperature to cause the resin to set; removing the cylindrical thermosetting resin incorporating the wire
therein from the cylindrical body; cutting away an end face of the cylindrical thermosetting resin longitudinally to expose
a portion having a shape as shown in FIG. 2; and measuring the thickness t using a scanning electron microscope having
a measuring device.
�[0051]

�[0052]

As apparent from comparison between table 1 and table 2, the electroplating process using the levelling agents makes
smaller the thickness of plated coat 13 over abrasive 11.

(4) Degree of concentration of abrasives fixed on the fixed abrasive wire

�[0053] Examination was made about the degree of concentration of abrasives fixed on the fixed abrasive wire produced
as described above (a value obtained by dividing the sum total of projected areas of abrasives fixed on the fixed abrasive
wire per unit length by the surface area of the wire). Specifically, assuming that: the diameter of the wire is d, the length
is L, and the projected areas of respective abrasives are A1, A2, A3, ..., An, the degree of concentration is expressed
by the following formula.
�[0054]

In the present example, 177 diamond abrasives were fixed on the wire in a certain length (365.5 Pm) according to
observation by a scanning electron microscope.� Though abrasives have various shapes actually, the abrasives were
regarded as spheres of the equal size for convenience of calculation. Further, though a projection of a sphere on a

Table 1

thickness "t" 2 Pm 3 Pm 4 Pm 5 Pm 6 Pm 7 Pm 8 Pm

number of wires 6 11 2 0 0 0 0

[Table 2]

thickness "t" 2 Pm 3 Pm 4 Pm 5 Pm 6 Pm 7 Pm 8 Pm

number of wires 0 0 0 0 6 10 3
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columnar wire takes the shape of ellipse actually, the projection of each abrasive was regarded as having a circular
shape for convenience of calculation. On the assumption that 177 abrasives having equal diameter (18Pm) were fixed
on the surface of a wire having a diameter of 160 Pm and a length of 365.5 Pm, the degree of concentration calculated
according to the above formula was 25%.

(5) Surface hardness of the fixed abrasive wire

�[0055] The surface hardness of the fixed abrasive wire produced as described above was measured at five points
spaced about 0.1 mm from each other and, as a result, there were obtained values of 610 HMV�(0.1), 620 HMV �(0.1),
630 HMV�(0.1), 650 HMV�(0.1) and 680 HMV�(0.1). "HMV" represents microvickers hardness.

(6) Slicing operation by the fixed abrasive wire

�[0056] Detailed description will be made about a slicing operation actually performed using the fixed abrasive wire
obtained as described above. The arrangement of a wire saw is the same as in FIG. 14 and the object 46 to be cut was
a flat plate of soda glass having a size of thickness 15 mm and width 125 mm and length 450 mm. The wire 42 was
coiled around the groove rollers 44 at intervals of 0.95 mm with a tension of 25N. The soda glass 46 was cut for 25
minutes by a method wherein under spraying of city water from the nozzle 47 to the wire 42, the soda glass 46 to be
cut was fed against the wire 42 art a speed of 1.0 mm/min while the wire 42 was advanced from the feed bobbin 41
toward the take-�up bobbin 49 at 2 m/min in such a bidirectionally running manner that the wire 42 was fed from the feed
bobbin 41 toward the take-�up bobbin 49 at an average speed of 600 m/min and a maximum speed of 800 m/min and
then the wire 42 was fed back from the take-�up bobbin 49 toward the feed bobbin 41 at an average speed of 600 m/min
and a maximum speed of 800 m/min.

(7) Surface conditions of the fixed abrasive wire before and after the slicing operations

�[0057] FIG. 8 is a photograph (200 maginifications) showing a surface of the fixed abrasive wire before the above
slicing operation and FIG. 9 is a photograph (250 magnifications) showing a surface of the fixed abrasive wire after the
above slicing operation. In FIGs. 8 and 9, a diamond abrasive is embedded immediately underneath each projecting
portion. As apparent from comparison between FIGs. 8 and 9, there was observed no portion from which any diamond
abrasive fell off or peeled off even after the slicing operation and, hence, the diamond abrasives were firmly fixed to the
nickel- �plated coat.

(8) Scratch test

�[0058] For comparison, scratch tests were conducted using devices having respective constructions schematically
shown in FIGs. 10 and 11. Specifically, as shown in FIG. 10, a scratch test was conducted wherein a member 40b having
a sharp tip (made of low carbon steel and weighing 500 g) was pressed against the fixed abrasive wire 40a of the present
invention produced as described above, a weight of 4500 g was put on the member 40b and then the sharp member
40b was pushed from the left toward the right at a speed of 1 cm/sec. As a result, the wire, which had exhibited a surface
as shown in FIG. 8 before the scratch test, exhibited a surface as shown in FIG. 12. In FIGs. 8 and 12, a diamond
abrasive is embedded immediately underneath each projecting portion. As apparent from comparison between FIGs. 8
and 12, there was observed no portion from which any diamond abrasive fell off or peeled off even after the scratch test
and, hence, the diamond abrasives were firmly fixed to the nickel-�plated coat.
�[0059] Further, for comparison, a scratch test was conducted wherein the member 40b having a sharp tip (made of
low carbon steel and weighing 500 g) was pressed against an abrasive electrodeposited wire 40c having a surface as
shown in FIG. 18 and then the sharp member 40b was pushed from the left toward the right at a speed of 1 cm/sec, as
shown in FIG. 11. As a result, the wire, which had exhibited the surface as shown in FIG. 18 before the scratch test,
exhibited a surface as shown in FIG. 13. In FIGs. 13 and 18, a diamond abrasive is embedded immediately underneath
each projecting portion. As apparent from comparison between FIGs. 13 and 18, many diamond abrasives fell off after
the scratch test in spite of that fact that the weight imposed on this abrasive electrodeposited wire was 10% of the weight
imposed in the scratch test conducted on the wire of the present invention.

(9) Conclusion

�[0060] As described above, the present invention is capable of providing a fixed abrasive wire having a nickel-�plated
coat firmly fixed with diamond abrasives.
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�[Industrial Applicability]

�[0061] The fixed abrasive wire of the present invention can be used for cutting, slicing, internal grinding, dicing and
ingot-�cutting of such rigid materials as silicon, quartz, ceramics and the like.

Claims

1. A method for producing a fixed abrasive wire wherein the wire has a surface coated with a metal-�plated layer (13)
containing plural abrasives (11,36) embedded therein, the surface of the metal-�plated layer (13) having curved-
surface projecting portions (38) each incorporating abrasives (11,36) shaped to project from a substantially flat
portion (39), and a portion extending from the substantially flat portion to each of the curved- �surface projecting
portions (38) has no inwardly depressed recess portion and a slope of tangent to the portion extending from the
substantially flat portion (39) to each of the curved-�surface projecting portions (38) varies continuously, character-
ised in that the method comprises a step of electroplating the wire using a plating solution containing a levelling
agent together with the abrasives.

2. A fixed abrasive wire having abrasives (11,36) fixed thereon, wherein the wire has a surface coated with a metal-
plated layer (13) containing plural abrasives (11,36) embedded therein, the surface of the metal- �plated layer having
curved-�surface projecting portions (38) each incorporating abrasives (11,36) shaped to project from a substantially
flat portion (39), and a portion extending from the substantially flat portion to each of the curved- �surface projecting
portions (38) has no inwardly depressed recess portion and a slope of tangent to the portion extending from the
substantially flat portion (39) to each of the curved-�surface projecting portions (38) varies continuously, character-
ised in that the fixed abrasive wire has been produced by electroplating comprising a step of electroplating the wire
using a plating solution containing a levelling agent together with the abrasives.

3. A fixed abrasive wire as claimed in claim 2, wherein, provided a thickness of a plated coat (13) located over the tip
of an abrasive (11, 36) is "t", a thickness of plated coat "t" is smaller than "to" when the wire is electroplated with a
plating condition that the thickness of the plated coat is theoretically "to".

Patentansprüche

1. Verfahren zur Herstellung eines Drahtes mit einem angebrachten Abrasivum bzw. eines Schleifdrahtes, wobei der
Draht eine mit einer metallplattierten, mehrere hierin eingebettete Abrasiva bzw. Schleifmittel (11, 36) enthaltenden
Schicht (13) beschichtete Oberfläche aufweist, wobei die Oberfläche der metallplattierten Schicht (13) mit einer
gebogenen Oberfläche projizierende bzw. vorstehende Abschnitte (38), von denen jeder Schleifmittel (11, 36) ent-
hält, aufweist, die so geformt sind, dass sie von einem im wesentlichen flachen Abschnitt (39) ausgehend vorstehen,
und ein Abschnitt, der sich von dem im wesentlichen flachen Abschnitt zu jedem der mit einer gebogenen Oberfläche
vorstehenden Abschnitten (38) erstreckt, keinen nach innen gedrückten Aussparungs- bzw. Aushöhlungsabschnitt
aufweist, und eine Tangentenneigung zu dem sich von dem im wesentlichen flachen Abschnitt (39) zu jedem der
mit einer gebogenen Oberfläche vorstehenden Abschnitte (38) sich erstreckenden Abschnitt sich kontinuierlich
ändert, dadurch gekennzeichnet, dass das Verfahren einen Schritt beinhaltet, den Draht mit einer Plattierungs-
bzw. Galvaniklösung mit einem Egalisierungswirkstoff zusammen mit den Schleifmitteln zu elektroplattieren bzw.
zu galvanisieren.

2. Draht mit befestigten Abrasiva bzw. Schleifdraht mit hierauf bzw. hieran befestigten Abrasiva bzw. Schleifmitteln
(11, 36), wobei der Draht eine mit einer metallplattierten, mehrere hierin eingebettete Abrasiva bzw. Schleifmittel
(11, 36) enthaltenden Schicht (13) beschichtete Oberfläche aufweist, wobei die Oberfläche der metallplattierten
Schicht (13) mit einer gebogenen Oberfläche projizierende bzw. vorstehende Abschnitte (38), von denen jeder
Schleifmittel (11, 36) enthält, aufweist, die so geformt sind, dass sie von einem im wesentlichen flachen Abschnitt
(39) ausgehend vorstehen, und ein Abschnitt, der sich von dem im wesentlichen flachen Abschnitt zu jedem der
mit einer gebogenen Oberfläche vorstehenden Abschnitten (38) erstreckt, keinen nach innen gedrückten Ausspa-
rungs- bzw. Aushöhlungsabschnitt aufweist, und eine Tangentenneigung zu dem sich von dem im wesentlichen
flachen Abschnitt (39) zu jedem der mit einer gebogenen Oberfläche vorstehenden Abschnitte (38) sich erstrek-
kenden Abschnitt sich kontinuierlich ändert, dadurch gekennzeichnet, dass der Schleifdraht durch Elektroplattie-
ren bzw. Galvanisieren hergestellt wurde, welches einen Schritt beinhaltet, den Draht mit einer einen Egalisierungs-
wirkstoff zusammen mit den Schleifmitteln enthaltenden Plattierungs- bzw. Galvaniklösung zu elektroplattieren bzw.
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zu galvanisieren.

3. Fester Schleifdraht nach Anspruch 2, bei dem, vorausgesetzt, dass eine Dicke einer plattierten Schicht (13), die
über der Spitze eines Schleifmittel (11, 36) angeordnet ist, "t" ist, eine Dicke der bzw. einer plattierten Schicht "t"
kleiner bzw. geringer als "t0" ist, wenn der Draht mit einer Plattierungsbedingung bzw. -voraussetzung elektroplattiert
wird, dass die Dicke der plattierten Schicht theoretisch "t0" ist.

Revendications

1. procédé pour produire un fil à abrasifs fixés dans lequel le fil a une surface revêtue d’une couche métallisée (13)
contenant une pluralité d’abrasifs (11, 36) noyés à l’intérieur de celle-�ci, la surface de la couche métallisée (13)
ayant des parties en saillie à surface courbe (38) incorporant chacune les abrasifs (11, 36) formés pour faire saillie
depuis une partie sensiblement plate (39), et une partie s’étendant depuis la partie sensiblement plate jusqu’à
chacune des parties en saillie à surface courbe (38) n’a aucune partie d’évidement enfoncée vers l’intérieur et une
pente de tangente à la partie s’étendant depuis la partie sensiblement plate (39) jusqu’à chacune des parties en
saillie à surface courbe (38) varie de manière continue, caractérisé en ce que  le procédé comprend une étape de
métallisation du fil en utilisant une solution de placage contenant un agent nivelant en association avec les abrasifs.

2. Fil à abrasifs fixés ayant des abrasifs (11, 36) fixés sur celui- �ci, dans lequel le fil a une surface revêtue d’une couche
métallisée (13) contenant une pluralité d’abrasifs (11, 36) noyés à l’intérieur de celle- �ci, la surface de la couche
métallisée ayant des parties en saillie à surface courbe (38) incorporant chacune les abrasifs (11, 36) formés pour
faire saillie depuis une partie sensiblement plate (39), et une partie s’étendant depuis la partie sensiblement plate
jusqu’à chacune des parties en saillie à surface courbe (38) n’a aucune partie d’évidement enfoncée vers l’intérieur
et une pente de tangente à la partie s’étendant depuis la partie sensiblement plate (32) jusqu’à chacune des parties
en saillie à surface courbe (38) varie de manière continue, caractérisé en ce que  le fil à abrasifs fixés a été produit
par une métallisation comprenant une étape de métallisation du fil en utilisant une solution de placage contenant
un agent nivelant en association avec les abrasifs.

3. Fil à abrasifs fixés selon la revendication 2, dans lequel, à condition qu’une épaisseur d’un revêtement plaqué (13)
situé sur l’extrémité d’un abrasif (11, 36)� soit "t", une épaisseur du revêtement plaqué "t" est infé-, rieure à "t0"
lorsque le fil est métallisé avec une condition de placage que l’épaisseur du revêtement plaqué soit théoriquement "t0".
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